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I . INTRODUCTION 
Object ive s 
A membe r of the he a th f ami ly , E r ic a ce ae , Pie r is f loribunda 
Be nth . and Hook . is endemic to the S outhe rn Appa lachian Mount a ins , its 
dis t r ibut ion be ing con ce ntrate d  in the highe r e le va t ions of the Gre a t  
Smoky Mount a ins Na t iona l Park . 
For ma ny ye ars the se sma l l  shrub s  have be en note d growing be s ide 
the t r a i ls in the Pa rk in s ome of the mos t xe r ic hab it a t s , e s pe c ia l ly 
pine -he a th communitie s , a l ong with othe r e r ic a ce ous p l ants . By c l ose 
examinat ion of the c l ima tology, s oi l s  and as socia ted ve ge tat ion of 
the se ha bit a t s ,  it wa s hope d tha t s ome c l ue s  might be found a s  to 
wha t f a ctors a l l ow �- f l oribund a to survive a�d re produce in the se 
xe ric hab itats . Through inve s t iga t ion of the above a .nd ce rta in a s pe c ts 
of the aute cology of Pie r is, the ve ge t a tiona l r o le of this he a th shrub 
in this particu la r  commun ity might be c l a r if ie d . 
The S tudy Are a  
The Gre at S moky Mount ains o f  we s te rn Nor th C a ro l ina and e a s te rn 
Te nne s see are an a re a  of gre a t  e nvironme nta l and ve ge t a t iona l dive rs ity . 
Mt . LeC on te , with a pe ak e le va tion of 6593 fee t, is one of the highe s t  
mounta ins i n  the. re gion . 
the s it e  of this study.  
Located on it s wes t ern s lope is the Bu llhe ad ,  
Whit take r  ( 1 9 5 6) de s c ribe s f if te e n  ve ge t a t ion type s  a s  be ing 
pre sent in the Gre a t  Smoky Mount a ins Na t iona l Park . The ma j ority of 
1 
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the se wou ld be e ncounte re d on a s ce nding Mt. LeConte . The pine -he aths , 
with which thi s pape r is  conce rned , a re cha r a cte rized by pine wood s 
wi th a den se unde r s tory of he a th shrubs. The y a re most f reque nt on 
s out he rn expos ure s be twe e n  3000 and 40 00 fee t in e levation . The se 
pine-he a th s  occur p redominantly on ridge s and may exte nd from the cove 
ha rdwood zone to the ve ry lowe r limit s of the sp ruce -fi r  z one. S uch 
a wide distribution is to be seen on the Bu l lhe ad Trai l. The topo­
graphic distribution of the se pine-he aths is  compa rab le to that of 
the he a th ba lds , but a t  a lowe r e leva tion than the se (C ain , 19 3l a). 
The parent rocks of mos t of the s oi l s of the G re a t  S moky 
Mountains a re qua r t zite s , s late s and s andstone s (H ad ley and Gold smith , 
196 3). Ge ne ra l ly ,  the soi l s  a re a cid with the gre ate st acidi ty 
occurring in the highe s t  e levati ons and most exposed  site s (Whittake r ,  
1956). Cain ( 19 3 lb) found that a pine-he ath a t  340 0 feet e levation 
in the G re at S moky Mount ains ha d an ave rage s oi l  depth of six inche s 
and an ave rage pH of 4.9 for the surface s oi l s  with a range from 5.6 
to 4. 1 ,  and an ave rage pH of 5.0 for the subs oi l  with a range of 5 . 8 
to 4.5. 
The c limate of a pine -he a th at an e levati on of 4000 feet fa l ls 
within the pe rhumid c l a s s  of the Thornthwaite ( 1948) c limati c c l a s si­
fica tion. Pre cipit ation at this e levation i s  betwe e n  78 inche s and 
89 inche s pe r ye a r , b a s ed on a five ye a r  me an (S hanks , 1954). Accord­
ing to Tanne r ( 196 3) , the is othe rms of dai ly maxima on north-f a cing 
s l ope s fol low the a ltitudina l contour line s. Howeve r ,  on s out h-f a cing 
s lopes , the is othe rms a re pe rpe ndicu la r  to the contours. For ex amp le , 
3 
a ridge ex te nding down a mountainside which wou ld p robab ly be occupie d 
by a pine -he a th or he a th ba ld, wou ld have an i s othe rm conne cting its 
uppe r and lowe r limits . 
Pie ris 
The nome nc l a tu re of the spe cies of Pie ri s fol lows tha t found in 
Bai le y ( 19 30 ) .  Fa lse r ( 1952 ) dis cus sed the va rious cha racte rs emp loye d 
to de limit the la rger p l ant groups in the E rica le s, e spe cia l ly the mega­
sporoge ne sis  and the deve lopme nt of the me gagame tophyte in the 
And rome de ae . 
fl 
The enti re ge nus may be cha ra cte rize d by the f o l l owing: the 
le ave s  a lte rna te, shor t pe tiole d, e ntire or se rrulate: f l owe rs 
in ofte n panic le d  r a ceme s; c a lyx- lobe s va lva te or di s tinct; s t ame ns 
te n; a nthe rs ob tuse, wi th a pair of awns ne a r  the base or the fi laments 
two-toothed be low the apex: capsu le s  wi th five dehis ce nt va lve s; seeds  
line a r-ob long, not winge d, wi th membranous te s t a" (B ai le y , 19 30 ).  
Figure 1 i l lu s t r a te s  the typica l f l owe r, f ruit and seed of Pie ri s 
f l oribunda. 
The ge nus Pie ri s is quite dive rsifie d in many re spe c ts, being 
both de ciduous and eve rgre e n, va rying f r om sma l l  s hrubs to t ree s 40 
fee t  in height and with a ge ographica l range wi th one ce nte r in e a s tern 
Asia and the othe r in the e a s te rn ha lf of the Unite d  S ta te s. In the 
Unite d  S ta te s, Pie ri s' range exte nd s from We s t  Virgini a, we s te rn 
Vi r ginia, we s te rn North C a rolina, to ea s te rn Te nne s s ee, and northe rn 




F igure 1 .  Re product ive s t ructure s of Pie ris  f loribunda, Benth . and 
Hook . (a) F l owe r, XS; (b) capsu le, X4; (c) seed, X lO (from Wood, 




P ie r is flor ibunda is conside re d  a s  e nde mic to the Una ka ra nge 
of e a ste rn Te nne ssee a nd we ste rn North C a r o l ina , wi th its distribut ion 
ce nte r ing in the Gre a t  Smoky Mounta i ns (C a in, 1 930). Whitta ke r  (1 956) 
found tha t the dis tr ibution of P. flor ibunda in the Smokie s ce nte re d  
in xe r ic site s  a nd a t  time s exte nde d  into subxe r ic a nd subme s ic one s. 
Us u a l ly �· flor ibunda is l imite d  to e le va tions above 4000 fee t  in the 
Smokie s ,  but sca tte re d  p l a nts ha ve bee n se e n  a l ong the Bu l l he a d  Trail 
exte nding as l ow a s  3000 fee t  in e le va tion. Al ong the Blue Ridge Pa rk­
way in Nor th C a ro l ina ,  P. flor ibu nda occurs a t  lowe r  e le va tions a s  is 
se e n  in F igu re 3. 
Pie r is is cu l ti va te d  a s  a n  orna me nta l s hrub in many l oca tions; 
P. flor ibunda a nd P. ma r i a na a re use d  in the northe rn Unite d Sta te s 
whe re the y a re va lue d for the e a r l ine ss of the ir flowe r s .  �· ja ponica , 
which wa s introduce d from Ja p a n, a nd � - formos a ,  from the Ea s te rn 
H ima l a ya s ,  a re c ons ide re d  the mos t be autifu l .  P. fo rmos a is re stric te d 
to the s outhe rn re gions of the Unite d Sta te s whi le �- ja ponic a may 
a ppe a r  as fa r nor th as Ma s s ac huse tts, but in tha t e nvironme nt, the 
fl owe r s  a re usua l ly winte r ki l le d  (Ba i ley,  1 930). 
The migr a tion a nd e vo lution of the Androme de ae in North Ame r ic a  
ha s be e n  conside re d  by Lems (1 9 62 ). He ight growth in the Andr ome de ae 
is a c hie ve d  by a succe s sion of l a te ra l  buds s ince the te rm ina l shoot 
me r is te m  ha s a l imite d  l ife spa n. The se que nce of a "morphoge ne tic 
cyc le " inc lude s the fo l l owing: ( 1 )  e a r ly bud gr owth, wi th de ve lopme nt 
of s c a le le ave s; (2 ) growth of le a fy s hoots ; (3) inflore sce nce fo rma ­
ti on a nd forma tion of the flowe r  buds ; (4) me iosi s ,  po l le n  a nd ovu le 
Figure 3 .  Pieris f lor ibunda growing along B lue Ridge Pa rkway nea r Mt . Pis gah , 
North Caro l ina ( s pring,. 1967). 
....... 
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maturation; (5) f lower opening, sub s equent pol l inat ion, and fertiliza­
tion; ( 6) f ruit maturation; and ( 7 )  dehis cence of f ruit and seed dis­
pers a l . The time of interruption of this sequence by dormancy is the 
c riterion Lems uti lizes to distinguish three main types of deve lopment 
in North America among the Andromedeae. 
The cyc le of Pieris is as f o l lows. In May and June new latera l 
shoots are produced and by August the leaves are mature and the in­
f l ores cences have formed (Lems, 1962 ) .  The anthers over w inter in the 
mic ros pore mother-cel l stage. These reach the tetrad stage bef ore the 
ovu les have develope d fu rther than the megas pore mother-ce l l  s tage 
(Pals er, 195 1). Flowering occurs in the f o l lowing s pring even though 
meios is occur red in the previous Ju ly and August. Maturation of the 
fruit usua l ly is by Ju ly. Over wintering in this condition may a l s o  
indicate the tropica l origin o f  these spec ies where f l ower dormancy 
became a means of survival upon migration. 
The one- season cyc le, in which the whole reproductive cyc le is 
comp leted in one year, is said to be the bes t adaptation to the alter­
nat ion of summer and winter seas ons. Oxydendrum exhib its such a cycle. 
Other members ·of the Andromedeae from S outh and Centra l  America (�·�·, 
Lyonia) need two complete growing seas ons f or one "morphological 
cyc le, " and Lems ( 1962) s pecu lates that as  thes e tropica l Andromedeae 
migrated northward, surviving the winter seas on was accomp lis hed 
thus ly: acceleration of the cyc le, dormancy of f lowers, and de lay of 
inf lores cence formation . For Pier is f l oribunda, surviva l seems to have 
been accomp l ished by dormancy of the f lowers (Lems, 19 62 ). 
9 
Ve ge ta tiona 1 S t udie s 
I t  has bee n  note d by Whittake r  ( 1956) that mos t  ma ture pine 
s t a nds in the G re a t  Smoky Mountains are of mixe d spe cie s whi le im-
ma ture one s a re usua l ly sing le - spe cie s s tands . The pic ture in Figure 
4 wa s t a ke n  from the trai l in the Bul lhe ad pine -he a th whe re the s ta nd 
. 
d . 1 p· 1 1 s  pre om1nant y � punge ns. 
According to Cain ( 19 3 7 )  fire i s  the le ading f a ctor in the main-
te nance of pine -he a ths . As de ciduous tree s ma ke their appe a rance he re, 
it  can  be see n tha t a s  they inc re a sed in numbe r ,  the pine s wou ld de -
cre a s e a nd fina l ly be e limina ted. The refore , the pine -he a th is mos t 
li ke ly a t ra nsi tory s t age . Howe ve r , si nce i t s  dura tion may be more 
than a ce ntury and may be pe rpe tua te d  a t  time s by fi re s, C ain con-
side rs it an e d aphic or topographi c c lim ax . 
Whitta ke r  ( 1956) di s tingui s he s  two pine -he a th communitie s in 
the S mokie s on the b a sis of thei r dominants: pitch pine ( Pinus rigida )  
and tab le mountain pine (�. pungen s ) .  The pitch pine he a th i s  usua l ly 
found be twe e n  the e levations of 2200 to 3200 fee t . Que rcus coccine a 
i s  usua l ly pre se nt and a t  time s may sha re d ominance wi th the pine. 
2· prinus and C a s tane a  de nta t a  a re a lmos t a lways pre sent  a long wi th 
Acer rubrum and Oxyde ndrum a rbore um. Shrub cove rage range s from 40 
to 70 pe r ce nt a nd the he rba ce ous cove r usua l ly range s f rom 5 to 20 
pe r ce nt . K a lmia latif olia  and Va ccinium vaci l lans or V .  hirs utum 
us ua l ly d omina te the s hrub s tra tum wi th Andropogon s cop a rius, Pte ridium 
1 
Nomenc la ture fo l lows tha t of Fe rna ld ( 1950 ). 
10 
F igure 4 .  B u l lhe ad Tra i l  in study a re a  ( f a l l, 1 9 6 6) . 
1 1  
aqui linum var . la tiscu lum , Epigae a repe ns , G a u l the ria pr ocumbe ns dom­
ina ting the he rba ce ous laye r .  The table mount ain pine -heath occurs 
tow a rd the uppe r limit s  of the pine -he a ths . At the se highe r e le va tions , 
the y a re cha racte rize d  by low s ta ture and de nsity . The mos t preva le nt 
spe cie s in the t ree s t ra tum a f te r  Pinus punge ns a re � - rigida , Que rcus 
coccine a , Q· prinus , Cas tane a  de ntata , Nys s a  s ylva tic a ,  Ace r rub rum , 
Oxyde ndrum a rbore um , Robinia pse udo- acacia , and Sas s a fras  a lbidum . 
Ka lmia latifolia  a nd the V a ccini oide ae a re the dominants of  the s hrub 
s tr a tum wi th a tot a l s hrub cove r of 60 to 90 pe r ce nt. Whi ttake r  s t a te s  
tha t Pie ris f l oribunda may be a dominant a t  the highe r e leva tions . 
G a lax aphy l l a , Epigae a repe ns and G au l the ri a procumbens a re the major 
spe cie s in the he rba ce ous laye r wi th a cove rage of on ly 5 to 20 pe r 
ce nt . 
Whittake r  ( 1966) found tha t the above-ground ne t a nnua l produc­
ti on is 420 -650 g . /m .
2 for fore s t  he a ths of xe ric  s lope s and f ore s ts 
of highe s t  e le vations a s  comp a re d  t o  1000- 1200 g . /m .2 for ma ture c lim ax 
fore s ts of me sic e nvironme nts . He a l s o  found tha t s hrub production is 
usua l ly highe r in xe ri c  e nvi ronments , being 20- 145 pe r ce nt of t ree 
produc tion in fore s t he a ths. 
In the s outhe a s te rn por tion of the B lue Ridge E s ca rpme nt , a 
s tudy was conducte d by Ra cine ( 1966) of pine ridge communitie s .  He 
found a two to three inch imma ture mor humus laye r  compose d of a li t­
te r and fe rme nt a tion zone but lacking the humus zone. The soi l  i tse lf 
is characte rize d by low nutrient content , the ca lcium conce nt r a tion 
neve r exceeding 50 p.p.m . and potas sium neve r above 80 p.p . m .  
12 
Racine (1966) des cribes two community types for these r idges, 
the pine community and the pine-oak community. The pine community 
was f ound to occupy the dr ies t r idges with s cattered indivi dua ls of 
Quercus cocc inea, Nyssa sy lvat ica, Quer cus pr inus and Acer rub rum. 
A heath of Ka lmia latif o l ia or Vac cinium vac i l lans may occur in 
patches . The pine-oak commun ity is character istic of les s xer ic 
ridges. There is a higher pr oportion of oaks in comparis on to pines 
and the heath is much more prevalent. This community seems to be more 
c l ose ly re lated to the pine -heaths of the Great Smoky Mountains than 
the pine commun ity. Coope r (19 63) and Rodgers � 19 65) found this same 
re lationship to be true of other pine commun ities in North Car o l ina 
wh ich they investigated. 
Wi l l iams and Oost ing (1944) in a study of the vegetation of 
Pi lot Mountain, North Carol ina, found Pier is f l oribunda to be the 
dominant shrub s pec ies occurr ing w ith Ka lmia lat if ol ia, Rhododendrum 
catawb iense, S mi lax rotundif ol ia, and Vacc in ium corymbosum var. 
pa l l idum . Pilot Mounta in is in the northwestern Piedmont of North 
Carol ina and is iso lated from the B lue Ridge. The peak elevat ion is 
approximate ly 2000 feet. Pinus pungens, �· r igida, Oxydendrum 
arboreum, Nys s a  sy lvat ica, Acer rub rum, Quercus borea l is var. maxima 
and Robinia pseudo- acac ia const itute the tree stratum. A l l  factors 
except altitude corres pond to what Cain (193 la) refers to as sub­
c l imax pine-heaths in the Great Smoky Mountains. 
In a study of the vas cu lar f l ora of the S outhern Appa lachians, 
Ramseur (1960) f ound Pier is to be present in three diff erent 
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c ommun itie s :  in a he ath ba ld in the Pl ott B a l s am Mount a ins , a shrub 
ba ld on the Pis gah Ridge and in the f ire che rry , grassy ba ld , he ath 
b a ld , and shrub ba ld commun it ie s  in the B a lsam Moun ta in s .  He d is­
t ingu ishe s the shrub ba ld f rom the he a th ba ld in tha t  s pe c ie s of 
shrubby tree s usua l ly found at lowe r  a l t itude s a re preva le nt in the 
shrub ba ld . 
Davis ( 1 930 )  c lass if ie s  the ve ge tat ion of the B l ack Mounta ins 
of North C a ro l ina into three format ions , the s pruce -f ir fore s t , the 
nor the rn ha rd wood fore s t  and the Appa lachian f ore s t .  He f urthe r  s ub ­
d ivide s the Appa lachian f ore s t  f orma t ion int o three  minor commun it ie s ,  
the cove c l imax , the me s ic s lope , and the xe r ic s lope a nd ridge as s oc i­
at ions . 
The c ove c l imax a s s oc iat ion is composed of s outhe rn ha rdwood 
s pe c ie s and cha racte rist ica l ly ha s an unde r s t ory of he ath shrubs.  It 
is d if f icu l t  a t  t ime s to dist ingu ish be twe e n  the cove c l imax assoc ia­
t ion and the me sic s lope a s sociat ion . The me s ic s lope a s s ocia t ion 
wa s a l s o  found to inte rgrade into the xe r ic s lope and ridge ass oc ia­
t ion a t  its uppe r l imits . Howeve r ,  th is a s s ociat ion is se t off f rom 
the othe r two be cause of the s c a r c ity of hem locks and pine s and the 
abundance of oaks . An unde rs tory of he a th shrub s is pre sent he re a l s o .  
The xe ric s lope and r idge a s socia t ion is l imite d t o  the dry s lope s and 
ridge s and is cha r a c te r ized by the dominance of p ine s and a fe w oa ks . 
The pine s may ofte n f orm pure s t ands . The unde r s t ory of he a th is 
pre se nt and ma y be e xtremely abundant a t  t ime s . 
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D avis found Pie r is f loribund a with a mode rate perce ntage of 
f reque ncy or abunda nce in t he me s ic s l ope a s s oc ia tion and t o  be both 
this and loc a l ly abunda nt as a cons ociation or c l an in the xe r ic s lope 
a nd ridge a s s oc ia t ion . 
I I . :METHODS 
Spe c ime ns of Pie ris from he rbaria in the Gre a t  Smoky Mount a ins 
re gion we re examine d and the co l le ct ion s ite s note d .  From this , a 
l i s t  wa s compi le d  of locations of Pie ris f loribunda within the Gre a t  
Smoky Mounta ins Na t iona l Park and the se locat ions we re vis ite d .  The 
pine -he a th commun ity trave rse d by the Bul lhe ad Tra i l , Mt . LeConte , was 
chosen from a l l  the others for the study are a  be c ause of its  l a rge s ize 
a nd the abundance of Pie ris . I t  is loc a te d  a pprox imate ly two a nd one 
ha lf  m i le s  e a s t  of Che rokee Orchard . 
The Bul lhe ad Tra i l  in the s tudy are a  exte nds from 4 1 10 fee t to  
42 50 fee t e leva t ion . The pine -he a th it se lf l ie s  on  a s outh-f ac ing 
s l ope , exte nding from the top of the ridge to varying dis t ance s down 
s lope a s  can be see n in the ae ria l photograph of the a re a  in Figure 
5 .  At it s uppe r  boundary a long the tra i l , the pine -he a th me rge s with 
a he ath b a l d .  
A tota l o f  forty se ts  o f  ne s te d  square p lots wa s e s tab l ishe d  in 
a l ine pa ra l le l to the Bu l lhe ad Tra i l . A compa s s  wa s use d to ma ke 
adjace nt p lot e dge s para l le l .  Plots we re spa ce d 50 fee t apart . 
Twe nty of the p lots we re e s tab l ishe d in dis turbe d tra i l  e dge 
ve ge ta t ion to te s t  it s e f fe ct on Pie ris den s ity. The y we re p l a ce d  
adjace nt to  and with one e dge on the tra i l. A tab le o f  ra ndom numbe rs 
was  use d to de te rmine on which s ide of the t ra i l  to p l a ce them. The 
large r plots  we re .OS a cre (46 fee t , 8 inche s on a s ide ) with . 02 acre 
( 3 1 fee t , 7 . 5  inche s on a s ide ) and . 0 1  acre ( 2 0  fee t , 10 . 5  inche s on 
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a. Study area 
b. Heath bald 
c. Open oak 
d. Cove hardwood 
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Figure 5. Aerial photograph of Bullhead Trail in the vicinity of the 
study area. 
Source: TVA aerial photograph AOB-15L-91, April 19, 1954. 
1 7  
a s ide ) p l ot s  p l a ced in one corne r of e a ch o f  the . OS acre p lots . The 
se cond twe nty se t s  of p lots of thi s  s ame de scr iption we re p laced a t  
d is tance s gre a te r than SO fee t f r om the tr a i l . A tab le . o f  random 
numbe r s  .wa s used ·to de te rmine the d i s t ance and d i re c t ion ( up or down 
sl ope ) f rom the tra i l . A c l inome te r wa s u s e d  to de te rmine the s lope 
of e a ch p lot and the length of the s ide s was ad j u s te d  acc ord ing ly . 
W ithin e a ch . OS a c re p lot, the d · . b . h . ( d iame te r  a t  bre a s t  
he ight ) o f  e a ch tree wa s me a sure d  and it s he ight e s t imated . The . 02 
a c re ·p lot wa s used or ig ina l ly to me a sure the d iame te r  of the shrub 
laye r ( at one f oot f rom gr ound surfa ce ) . Be cause of the un iformity 
of the shrub laye r ,  it s s amp l ing s ize wa s d iminishe d  to . 0 1  acre . 
The d iamete r of the la rge s t  s tem, the tot a l  numbe r of s tems, a nd the 
max imum he ight of e a ch shrub was re corde d . Be cause of the nature of 
the shrub laye r, a sma l le r  p lot, one -ha l f  the are a  of the . 0 1  acre 
p l ot ,  wa s de s ign a ted to me a s ure the d iame te r  of eve ry stem pre se nt . 
A l l  va scu l a r  taxa pre se nt we re lis te d  and the pe rce nt age ground cove r 
wa s e st ima ted f or the he rb ace ous laye r  in the . 0 1 a c re p lot . 
The numbe r of f ruit pe r p la nt ,  the numbe r of runne r s  pe r p lant 
and the growth·form, whe the r ve rtica l, hor iz onta l  or inte rme d iate ,  
wa s a l so re corde d for Pie r is . 
S oi l  samp le s  we re ta ke n  from s ix loc a tion s  within the s tudy 
are a  and the thickne s s  of l i tte r, fe rme nt a t ion l aye r, and humus wa s 
me asured a t  e ach s ite . The pH of e a ch laye r  wa s me a s ure d with a Lee ds 
and Northrup pH me te r us ing a s o i l  to wa te r ra t io of  one to one 
( Jacks on, 19S8) . The samp le s we re pre pa re d and ana lyzed for c a l c ium, 
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ma gnes ium, pota s s ium, s odium, manga nese and zinc content according to 
the pr ocedure des cr ibed in Appendix A. 
At f our s ites with in the study area, maximum-min imum thermometers 
were p l aced at three dif f erent levels:  one foot above the l itter, in 
the litter and at s ix inches be low the l itter surface. A prec ip itation 
ga uge wa s p l a ced in a c lea r a rea a l ong the ridge. Rea ding s f rom these 
instruments were rec orded from October 1966 through S eptember 19 6 7 . 
Germination expe r iments
.
were conduc ted with seeds of Pier is 
which had been col lected in S eptember and October of 1966 from p l a nts 
in the study area . The experiments were conducted under control led 
tempe rature and photope r iod conditions in the labora tory. The day­
length wa s set at 16 hour s day l ight and 8 hours da rknes s with the 
temperature va ry ing between 74° F. and 76° F .  
The seeds were pl a ced in petr i pl ates on mo ist f i lter pa per, 
100 seeds per pl ate. The seeds were stra tif ied, two p l ates be ing left 
without stratif ication, and each month therea fter, two addit iona l 
p lates were removed from the cold room and p l aced under contr o l led 
tempe rature and l ighting . The cold room wa s kept at 6° C. 
A tota l of 1 3 1 fruits wa s ex amined and the numb er of seeds per 
fruit wa s recorded for ea ch. Forty- f ive f ruits were s tud ied micro­
s copica l ly and the number of seeds with viab le embryos wa s noted. 
III . RES ULTS 
I 
The d a t a  conce rning e a ch tree s pe c ie s  we re comb ined f or p lots 
ad jace nt to the tra i l  and those loc a ted a t  va riou s d i s tance s f rom the 
t ra il  afte r  the S tude nt ' s  "t" te s t  at the 95 pe r ce nt leve 1 of s ign if i-
ca nce (S te e l and Torrie ,  1 9 60) showe d  no s ign if icant d iffere n ce s  to 
exist  be twe e n  the t ot a l  ba s a l  a re a s  of the se two loca tion s . A s ummary 
I 
of de ns ity of tree taxa by diame te r  c la s se s  may be f ound in Append ix B .  
Freque ncy o f  Tree s 
The fre que ncy of the spe c ie s  in the tree  st ratum is shown in 
Tab le I, inc lud ing the freque n c ie s  of the se s ame s pe c ie s  unde r 1 . 0 
inch in d iame te r  a nd a s  see d l ings . 
Pinus punge ns is the on ly t ree  s pe c ie s  t o  e xhib it a f re quency 
of 100 pe r ce nt with Ny s s a  sy lva t ica and Ace r rubrum having the next 
two highe s t  f re que ncie s of 7 7 . 5  pe r ce nt and 72 . 5  pe r ce nt re s pe ct ive ly . 
The se thre e s pe c ie s  a l s o  have the highe s t  freque nc ie s  of tree s le s s  
than 1 . 0  inch in diame te r .  Howeve r, the frequency of the se spe c ie s  
a s  seed l ings is quite d if fe re nt . Ace r rubrum ha s the highe s t  f re -
que ncy of 62 . 5  pe r ce nt with Ame lanchie r a rbore a a n d  Que rcus p r inus 
having the next highe s t  f reque nc ie s .  
!lex mont ana and Viburnum c a s s inoide s we re found in the two 
p lots c l ose s t  to the he ath ba ld at the uppe r exte nt of the p ine -he a th, 
and are judge d  a typica l of pine -he ath s ta nds . 
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TABLE I 
PER CENT FREQUENCY OF TREE SPECIES IN THE TREE STRATUM, 













Betula lent a 
Arne lanchier arborea 











Per Cent Frequency 
Tree Under One 
Stratum Inch D.B.H. 
100 .0 42 .5 
77.5 45 .0 
72 .5 3 0 .0 
45 .0 12 .5 
40 .0 5 . 0  
32 .5 * 
30.0 17. 5 
15 .0 17.5 
15 .0 17. 5 
10 . 0  * 
10 . 0 7.5 
. 7.5 7. 5 
7.5 10 . 0 
5 .0 * 
5 .0 2 .5 
2 .5 2 .5 
2 .5 2 .5 
2 .5 * 
* 10 .0 
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Den s i ty and B asa l Area of Trees 
The mean dens ity and per cent tota l basa l area of the tree 
s pec ies may be found in Tab le II.  As can be seen, f ive spec ies are 
the most preva lent. Pinus pungens is dominant with Nyss a sy lvatica, 
Acer rubrum, Quercus pr inus and Oxydendrum a rboreum the next mos t 
numerous . 
The diameter s of the tree spec ies were p l a ced in c l a s ses to 
cor res pond with ones used by Whit taker ( 1956) to cha racter ize the 
growth and surviva l of trees into the larger size c la s ses in var ious 
mo isture gradients .  A loga rithm ic and l inea r gr a ph·of tree s pec ies 
in the B u l lhea d Tra i l  pine-hea th a s  compa red to the pine-hea th used 
by Wh ittaker is shown in Figure 6 .  As can be seen in the f igure, 59.6 
per cent of the st ems in the stand were within the sma l les t s ize c l a s s  
(1 . 0- 3 . 0  inches) wh ile Whittaker found approximately 66  per cent to 
fa l l  within th is c l a s s . In the s ize c l a s s  1 6- 1 8 inches, Wh ittaker 
found approxima tely 0 . 3 6 per cent of the stems a s  compa red to 0.1 6 
per cent in the s tudy area . This l a rge number of stems in the sma l ler 
size c l a s s es and sma l l  number in the la rge size c l a s s es wou ld imp ly a 
cont inuous reproduct ion and rep l acement in both stands. 
Whitt aker s t a tes tha t reproduc t ion in the pine st ands in the 
S mokies is cyc l ic . This per iodic reproduct ion of the stand is indi­
cated .in Figure 7a by the la rge number of stems in the sma l l  d iameter 
c l a s ses and the large number a l s o  in the 8, 9, and 10 inch c lasses for 
Pinus pungens . Using these same diameter c lasses for P .  pungens in 
the study a rea gives a ra ther cont inuous dec rea se in the number of 
TABLE II 
MEAN DENSITY PER PLOT AND PER CENT TOTAL BASAL AREA 


























44.95 85. 05 
17.75 1. 15 
12. 60 5.12 
3.93 2.75 
3.60 4(1. 00 
2. 08 3. 79 
Ll.OO Ll.OO 
<1.00 ..c1.00 
<1. 00 <1.00 
<1.00 �1.00 
..::.1.00 <1. 00 
<:1. 00 .c::l.OO 
�1.00 �1. 00 
..::.1.00 .c.1.00 
..:::1. 00 L.l. 00 
<1.00 �1.00 
<1.00 <1.00 
<-1. 00 �1.00 















1 7 . 0  I 
1 6 . 0 
1 5 . 0  
14 . 0  
13 . 0  
10 . 0  
9 . 0  
8 . 0  
7 . 0  
6 . 0  
5 . 0  
4 . 0  
3 . 0  
2 . 0  
1 . 0 
0 . 9  
0 . 8  
0 . 7 
0 . 6 
0 . 5  
0 . 4 
0 . 3 












2 3  
S tudy area 
Pine-heath s t ud ied by 
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F igure 6 .  A compar i s on of d iameter d is t r ibut ion of a l l  s tems in two 
p ine-hea th s tand s :  the s tudy area and a s t and inves t iga ted by 
Whitt aker ( 19 5 6) . 
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D iame te r  in inche s 
F igure 7. ( a ) � punse n s  i n  pine -he ath c ommun ity stud ied by 
Whit t ake r  (1956). (b) �· punge ns in s t udy a re a . 
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stems from the sma l l  to the la rge diameter s a s  i l lus t r a ted in Figu re 
7 b .  This wou ld indicate tha t reproduc t ion in th is s t and has  been 
cont inuous . 
Frequency and Dens ity of Shrubs 
The da ta were aga in combined for the shrubs s ince no s ign ifi cant 
dif ferences were found between the tota l number of s tems in the dis­
turbed and undis turbed are as  us ing the S tudent's "tu test . A summary 
of dens ity of shrub taxa by diameter c l a s s es may be found in Appendix 
C .  Ka lmia l a t ifo l ia had a 100 per cent f requency in the shrub st ratum .  
Rhododendrum max imum, Va cc inium sp. and Pier is f lor ibunda had fre­
quenc ies of 7 5 . 0, 85 . 0 , and 72 . 5  per cent res pectively . The dens ity 
of these shrubs was ca lcu l a ted by us ing the mean number of stem s 
wit hin p lot s and not the number of c lumps of the spec ies. This wa s 
thought to be a bet ter es t ima te becaus e it was diff icu lt at times to 
dis t ingui sh one c lump from another . Pier is f loribunda had the highes t 
dens ity of 97 . 5  stems per p lot . Va ccinium s p .  had a dens ity of 32.6, 
Ka lm ia l a t ifo lia, 8 6.6 and Rhododendrum max imum, 3 . 2 . 
Her ba ceou s Cover 
The taxa cont r ibut ing to the herba ceous cover and their f re­
quencies are l is ted in Ta ble III . Such t axa a s  Aster sp . ,  Gerardia 
f l ava, Andropogon s copa rius, Ha bena ria c i l ia r is and S o l idago sp. were 
found to be present on ly a long the edge of the tr a i l. Epigaea repens, 
Ga lax aphy l l a  and Ga ulther ia procumbens were the mos t preva lent t axa. 
TABLE III 
SPECIES PRESENT AND THEIR FREQUENCY 




































The mos t  nume rous l iche ns in the s tudy a re a  we re Ce tra r ia 
tucke rmanii, Pa rme l ia c a pe ra t a ,  Pse udeve rnia cons oc ians , A le ctor ia 
b ico lor and Usne a  comos a .  
Pie r is f lor ibunda 
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The S tude nt's "t .. te s t  at the 95 pe r ce nt leve l of s ignif icance 
wa s used to te s t  the s ign ificance be tween the me a s urements re c orde d 
f or Pie ris f lo r ibunda in p lots ad j a cent to a nd of f the tra i l . No s ig­
nif icant d if fe re nce wa s found for.the tota l numbe r of s tems nor the 
numbe r of f ru its pe r p lant be twe e n  the se two a re a s . The d at a  the re ­
fore we re comb ined a s  be fore . Howe ve r , a highly s ignif icant d iffe re nce 
wa s found be twe e n  the ave rage d iame te rs in the se two a re a s . The ave rage 
s tem d iame te r  in p lots of f the tra i l  wa s 0.62 inch wh i le in plots  a long 
the tra il ,  the ave rage s tem d iame te r  wa s 0.45. The ave rage numbe r of 
runne rs  pe r p lant wa s found to be s ignif icant ly d iffe rent at the 80 
pe r ce nt leve 1 of s ign if ic ance . The ave rage numbe r of runne rs wa s 
8.13 for p lot s of f the tra i l  and an ave rage numbe r of 5.59 for p lots  
a l ong the trail . The s t anda rd devia tion and range of e a ch of the s e  
me ans may b e  f ound in Tab le IV . 
From fruit co l le cted a l ong the B u l lhe ad Trail in the f a l l  of 
1966, it wa s f ound tha t the re is an ave rage of 32.2 se e d s  pe r f ruit , 
20.9 of the se ha v ing fu l ly deve lope d embryos . The s tandard de via t ion 
and range of the se me ans may be found in Tab le IV a ls o .  In the f ie ld ,  
i t  wa s de te rm ined tha t Pie r is had an ave rage of 59.4 fruit pe r p lant . 
It may be conc lude d from this tha t one Pie r is p lant would probab ly have 
TABlE I V  
THE MEAN, S TANDARD DEVIATION A ND  RANGE OF SEVERAL 
CHARACTERS OF PI ERI S FIDRIBUNDA 
S tanda rd 
X Deviation 
O f f  tra i l  p lot s 
diameter 0 .  62 0 .  62 
Number of runners 8 . 13 8 . 94 
On t r a i l  p lots 
diameter 0 . 45 0 . 40 
Number of runners 5 . 9  10 . 1 5 
Number seeds/f ruit 32 . 2  4 . 12 
Number seeds with developed 
embryos 20 . 9  3 . 4 6 
2 8  
Range 
0 . 1- 3 . 0  in . 
0-50 





approxima te ly 1242 see d s  wi th ful ly deve lope d emb ryos . From this it 
may be deduced tha t one a cre of thi s pine-he a th shou ld produce app rox­
ima te ly twe lve mi l lion Pie ri s see d s  with f u l ly forme d embryos . Ye t 
on ly one see d ling pe r a c re wa s found in the s amp ling . 
Ge rmination experiment s c onducted in the labor a tory with the se 
see d s  gave the fo l lowing re s u l t s: 1 7 . 5  pe r ce nt ge rmina tion for those 
without s tratifica tion , and 20. 0 pe r ce nt ge rmination for those with 
one month cold t re a tme nt .  During the se cond month of s t r a tifica tion , 
the seed s  be gan ge rminating in t he cold room . The se we re remove d from 
the cold room and a 19 . 7  pe r ce nt ge rminati on wa s obt aine d . 
Envi ronme nt a l  S tudy 
The maximum tempe ra ture s re corde d a t  the five s t a tions in the 
s tudy a re a  we re ave rage d  f or e a ch time pe riod for e ach of the three 
leve ls ( one foot , li t te r , and s oi l) to give one maximum tempe r a ture 
for the s tudy a re a  for tha t time inte rva l .  Thi s wa s a l s o  done f or 
the minimum tempe ra ture s a nd the re sults  a re shown in Figure 8 and 
Figure 9 .  
The ai r te mperature s we re the mos t ext reme of the three a s  
wou ld be expe c te d. The maximum tempe ra ture for the s oi l , lit te r  and 
ai r wa s re corde d during the s ame time pe ri od for a l l three . For the 
pe r iod of Apri l 1 ,  196 7 to Ap ri l 8 ,  196 7 , 66 . 0° F . , 86 . 0° F . , and 90. 3° 
F .  we re re c orde d for s oi l , li tte r and air re spe ctive ly . The minimum 
tempe ra ture for the lit te r  and ai r wa s re gi s te re d  be tween Februa ry 1 1, 
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Figure 9 .  Average minimum tempera tures for f ive s ta t ion s in s tudy a rea for the one foot 




a ir tempe rature fe l l  to -9.4° F. The s o i l  re a che d its minimum te mpe r­
a ture of 32 . 0° F .  du ring the pe riod from Novembe r 2 9, 1966 to De ce mbe r 9, 
196 6 . 
The a ir tempe ra ture s for the s tudy a re a  which we re ob t a ine d by 
ave raging the max imum re adings and the minimum re adings se pa ra te ly 
from the f ive s t a t ions for e a ch t ime pe r iod a re compa re d to the tempe r­
a ture s from two othe r loc a tions in the Pa rk, Ne wfound Ga p and Pa rk He ad­
qua rte rs,  in Figure 10 a nd Figure 1 1. The maximum te mpe ra ture and the 
min imum tempe ra ture for e ach t ime pe r iod for the se two loc a t ions we re 
obt a ine d from the da i ly max ima and the da i ly minima. Ne wfound Gap i s  
a t  an e le va t ion o f  5046 fee t  wh ile the Pa rk He a dqua rte rs s t a t ion i s  
1400 fee t above se a le ve l. The pine -he a th tempe ra ture s ge ne ra l ly 
range d be tween those for the othe r two loc a l itie s. The minimum temp­
e ra ture s more ne a r ly coincide d for the thre e are a s  than the maximum 
te mpe ra ture s. I t  shou ld be note d tha t the max imum tempe ra ture during 
th is pe riod f rom Octobe r 24, 19 6 6  to Se ptembe r 1 1, 196 7 wa s 90. 3° F., 
re corde d  in the B u l lhe ad p ine -he ath . 
In  Figure s 12 and 1 3, the maximum and minimum a ir te mpe ra ture s 
discus sed above for the s tudy a re a  a re compa red with those of Ne wfound 
Ga p and Pa rk He adquarte rs. For e a ch group of points, a le a s t  s quare s 
f it wa s obta ine d .  Regre s s ion s t a t is t ic s  a ppe a r  in Tab le V .  
I t  c a n  be seen in the tab le and gra phs tha t the max imum tempe r­
ature s for the B u l lhe a d pine -he a th a re highe r than those for Ne wfound 
Gap but are lowe r than those for Pa rk He adqua rte rs. An inc re a se of 
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F igure 10 . Compa r ison of average max imum tempera tures f or th ree a rea s in Grea t:Smoky 
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Figure 11. C ompa rison of ave rage minimum tempera ture s f or thre .e a re a s  in Gre a t  Smoky 
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Figure 1 3. Rel a t ion of Pa rk Headqua rters and s tudy a rea max imum (a ) 
and min imum (b) tempera tures . 
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Minimum 
Pine -he ath 
Pine -he a th 
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Pine -he a th 
Pine -he ath 
TABLE V 
VALUES OF COMPONENTS OF REGRESSION 
EQUATIONS OF TEMPE�TURES 
X A 
Newfound Gap 8.1 
Pa rk He adqua rte rs - 3. 6  
Newfound Gap 18.8 
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degree on the Bul lhea d .  The minimum tempe ratures of the study a rea a re 
lower than those of Park Headqua rter s  and have practi ca l ly a one to one 
s lope. The minima for t he pine-hea th are higher than those f or the 
Newf ound Gap s t a tion , and change a t  s l ight ly les s than a one t o  one 
rate .  
The cumu l a t ive r a infa l l  for these s ame three loc a tions  is s hown 
in Figure 14 for November 6, 1966 through September 11, 1967. Newf ound 
Ga p ,  with over 80 inches of r a infa l l  for this eleven month per iod , had 
not quite tw ice the amount of pr ecipita t ion as the pine-hea th on Mt . 
LeConte. Pa rk Headqua rters had s l ight ly over 50 inches , s t i l l  above 
the 47 inches received in the gauge in the pine-hea th . 
Of the s o i l  s amp l es taken from the s tudy a rea , s amp les one and 
two a re f rom s i tes c l ose to the point of transit ion from pine-hea th 
to hea th ba ld; s amp les three and four are f rom the pine-hea th; samp les 
f ive and s ix are from the lower edge of the pine-hea th nea r the t r a i l , 
s ample s ix being c loses t to the oak fores t . 
McGinn is (1958) des cribed a soi l  prof i le for a t ab le mountain 
pine s tand in Cades Cove in the Grea t Smoky Mounta ins Na t iona l Pa rk 
a t  an eleva tion of 2800 feet with a shrub cover composed of er ica ceous 
plant s . A compar ison of McGinnis ' prof i le with those from the Bul lhead 
Tra il  pine-hea th appea rs in Tab le VI. 
The res u l t s  of the ana lysis  of the s oil  s amp les taken f rom the 
s tudy area a re shown in Tab le VII . Chemica l ana ly s is wa s not conducted 
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Figure 14 . A compar ison of the cumula t ive ra inf all for three locations in Great Smoky 




TAB lE VI 
SOI L PROFi lES AND pH VALUES FROM THE BULUIEAD TRAI L PI NE -HEATH AND A 
PI NE -HEATH AT 2800 FEET ElEVATION S TUDIED BY McGI NNIS 
Thickness in em. pH 
Horizon Study Area McGinnis S tudy Area 
Aoo Sample 1 2. 5 1. 1 4. 5 
2 0. 6 4. 7 
3 0. 5 4.9 
4 0. 5 4. 8 
5 0. 5 4. 5 
6 0. 5 4. 7 
F Samp le 1 6. 3 0. 5 3. 7 
2 6. 3 3. 4 
3 12. 6 3 . 7 
4 6. 3 3. 8 
5 7. 6 3 . 8 
6 6. 3 3. 5 
H Samp le 1 a 1. 2 a 
2 23. 4 3. 1 
3 5. 1 3. 7 
4 0. 6 4. 2 
5 0. 3 4. 5 
6 12. 6 3.3 
A l Samp le 1 
b 4. 4 
2 a 
3 4. 6 
4 . 4. 8 
5 4 . 8  
6 4 . 7 
aHorizon not present in sample. 
bNot measured. 
4 1  
TAB lE VI I 
AVAi lAB lE  CATIONS OF SOl iS  I N  THE STUDY AREA 
Horizon Ka Na a Caa Mga Mnb znb 
== 
F Samp le 1 0 . 8 7 0 . 00 5 . 2 7 1 . 7 8 0 . 02 1 . 48 
2 4 .  79  4 . 82 1 . 6 7 5 . 72 0 . 00 5 . 1 5  
3 0 . 00 2 . 90 5 . 5 5 1 . 2 9 0 . 00 4 . 5 8 
4 0 . 8 7 4 . 1 7  2 . 2 2  0 . 3 6 0 . 0 7  2 .  70 
5 1 . 3 1 0 . 30 3 . 6 1 2 . 8 5 0 . 00 4 . 3 8 
6 0 . 44 7 . 4 1  1 6 . 10 0 . 3 6 0 . 0 1  3 . 3 5 
H . Samp le 1 c 
2 0 . 00 1 1 . 2 8 1 . 39 1 . 4 3 0 . 00 2 . 2 5 
3 4 . 3 7 2 . 5 7 1 . 39 0 .  72 0 . 00 < 0 . 0 1  
4 1 . 74 2 . 2 6 1 . 39 1 . 2 9 0 . 0 5  0 . 10 
5 3 . 0 5  1 . 6 1 1 . 39 1 . 2 9 0 . 00 < 0 . 0 1  
6 0 . 00 3 . 8 7 2 2 . 7 7 0 . 00 0 . 00 0 . 2 0 
Al Samp le 1 5 .  68 1 3 . 54 3 . 3 3  0 .  72 0 . 00 < O . O l  
2 c 
3 0 . 44 1 .  2 9  1 . 39 0 . 00 0 . 0 0 < 0 . 0 1  
4 0 . 00 0 . 9 7 2 .  so d 0 . 0 2 < 0 . 0 1  
5 0 . 44 1 .  61  1 . 39 1 . 2 9 0 . 00 < 0 . 0 1  
6 4 .  7 8  3 . 5 5 1 8 . 0 5 0 .  72 0 . 00 < O . O l  
BExpre s se d  in me q . /100 g .  
�xpre s se d  i n  p . p . m . 
CHori zon not pre se nt in s amp le . 
dLos t  dur ing ana lys is . 
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The pH of the F hori zon range d from 3 . 4  to 3 . 8 .  I n  ge ne ra l , 
the acidity incre a sed f rom the A00 to the F hor izon and be gan t o  de ­
cre a se f rom the H t o  the A 1 . The thic kne s s  of the humus wa s the 
gre a te s t  ( 2 3 . 4  em . )  for the s amp le t a ke n  ad j a ce nt t o  the he ath ba ld . 
Litt le work ha s be en done on the chemica l ana lys is of s oi l s  of 
pine -he a th s tand s . McG innis  found a conce ntrat ion of 0 . 9 8 and 3 . 80 
meq . for pota s s ium and ca lcium , re s pe c t ive ly , in the H hori zon . The 
pH w a s  3 . 8 ,  not t oo d i f fe rent from tha t  f ound in the s tudy a re a . For 
the A1 , he found pot a s s ium to have a concentra tion of 0 . 45 me q . and 
c a l c ium , 0 . 70 me q .  The pH wa s 4 . 1 ,  l owe r than the pH f or the A 1 in 
any of the s amp le s from the Bul lhe ad Tra i l  pine -he a th . 
I V . DISCUSSION AND CONCLUSI ONS 
I t  is to be e xpe cted tha t a pine -he ath wou ld occupy the s outh 
and s outhwe s t  f a c ing s l ope s of the mount a ins of the S mokie s . The se 
a re a s  a re both the mos t xe r ic a nd the mos t extreme with re s pe c t  to 
tempe ratu re in compa r i s on to othe r a re a s  a t  comparab le e le va t ions . 
The s o i l  tempe ra ture s s how le s s  se a s ona l va r i a t ion than the 
tempe ra ture s of the a ir and l itte r . This  is to be expe cte d be cause 
the s oi l  funct ions a s  an ins u l a tor , re t a ining he a t  longe r and conse ­
que nt ly s taying at a more cons tant tempe ra ture throughout the ye a r .  
The tempe rature s of the l it te r  ( F igu re 8 ,  page 30 , a nd Figu re 
9 ,  page 3 1 )  a re more c l ose ly a l igne d t o  those of the a ir t han t he 
s oi l , but s t i l l not a s  ext reme a s  those of the a i r . The tempe ra tu re 
of the l itte r  wa s cons ide red important be cause it is he re tha t the 
see d s  of Pie r is ove r winte r and the s c a r c ity of seed l ings wa s q uite 
obv ious .  The only loca t ion whe re Pie ris  wa s found to have seed l ings 
was adjacent  to the t r a i l  and t he n  on ly in a ve ry sma l l  numbe r .  Any 
extreme tempe ra ture s in this a re a  c ou ld pos s ib ly inf l ue nce the numbe r 
of seed l ings pre se nt . Free z ing . tempe ra ture s imme d ia te ly a f te r ge rmin­
a t ion of the see d l ing : cou ld k i l l  the new see d l ing . S ince no dormancy 
pe riod wa s obse rved in the ge rmin a t ion of the see d s , it is pos s ib le 
tha t the se see d s  might ge rmina te dur ing wa rm pe r iods in the w inte r 
and s ub se que nt ly be ki l le d  by the re turn of f ree z ing tempe r a tu re s . 
I t  shou ld be noted he re tha t seeds  which we re s t ra t if ie d  f or two 
months in the labora t ory be gan ge rminat ing wh i le s t i l l  unde r the se 
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condit ions . However, the res u l t ing seed l ings were not subjected to 
freezing tempera tures so the exact effects cannot be stated with cer­
t a inty . 
Anothe r critica l f a c tor in Pier is seed germinat ion is the amount 
of ra infa l l  rece ived dur ing the winter in the se pine -hea th commun it ies . 
Pine -hea ths a re notab ly xeric hab it a t s, and the amount of ra inf a l l  re­
ceived for the winter months f a l l s  be low tha t re ce ived at the Pa rk 
Headqua rters we a ther s ta tion . The seeds used in the ge rmination 
expe riments in the labora tory were kept mo is t for the dur a t ion of . their 
s t r a t if ic a t ion so aga in it cannot be shown with e vidence tha t des icca­
t ion wou ld in jure the seeds, but it seems a good pos s ib i l ity of being 
a cont ribut ing factor . 
The soi l s  in wh ich Pie r is wa s growing were diverse with res pe ct 
to the thickne s s  of the f irst three hor izons . In  compa ri son to the 
soi l prof i le of the pine-hea th reported by McGinn is ( 1 958) , the hori­
zon s in the study a re a  are con s ide rab ly dee per . The p ine-he ath which 
McGinn is inve s t iga te d was at an eleva t ion of 2800 fe et, s ugges t ing 
wa rmer tempe ratures than those of the Bu l lhead Tra i l  pine -hea th . With 
these lowe r tempe ra ture s on the Bu l lhea d, the accumu l a t ion of lit te r  
and undec omposed ma teria l  shou ld inc rea se be cause of a lowe r rate and 
shorte r sea son of dec ompos it ion . The humus and A 1 were not a s  a who le 
more acidic than those of the othe r pine -he � th . The grea ter acidity 
of soi ls is thought to s low the rate of decompos i t ion . 
The pine-hea th on the Bu l lhead Tra il  is very s im i l a r  to the 
he ath b a ld de s c ribed by McCra cke n et a l. (1962) with respe ct to its 
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low fert i l ity of ca l c ium and pot a s s ium . Manganese wa s a lmos t ent irely 
absent f rom the s amp les . A high concentra tion of zinc occurs in the 
F layer and decrea ses gradua l ly unt i l  it a lmost disa ppears in the A 1 
horizon, but the amount in the F horizon is s t i l l  lower than the amount 
norma l ly found in soi l s  (S wa ine, 1 955) . 
According to Whittaker, this pine-hea th st and s hou ld be ma int a in­
ing itself  when compa red to the pine-hea th he s tudied shown in Figure 
6, page 2 3 .  Approx ima tely 59 per cent of the tota l number of s tems 
in the s t and fel l  wit hin the 1 - 3  inch diameter c la s s  as compa red to 
approx ima te ly 6 6  per cent for the s tand studied by Whittaker. 
There a re in actua l ity two tree layers in the Bu l lhead Tra i l  
pine-hea th, the higher composed of the ma ture pines and the lower layer 
of dec iduous t rees . The f requency of the dec iduous trees in the tree 
s t ratum, four s pec ies having over 40 pe r  cent frequency (Nys s a  
sy lvat ica, Acer rubrum, Quercus pr inus and Oxydendrum arboreum) may 
ind icate the inva s ion of the pine-hea th by the fores ts  of lower ele­
vat ions . The f requency of pine seedl ings and those under one inch in 
diameter is qu ite not iceab ly sma l ler than the 100 per cent f requency 
ob served for the ma ture t rees . The dec iduous s pec ies ha ve a high f re­
quency a s  seed l ings re l a t ive to pine but their frequency dec rea s es a s  
they rea ch s a p l ing s ize . This is a rever s a l of wha t  one wou ld expect 
in a s tand wh ich is ma int a ining itsel f . One wou l d  expe c t  a grea ter 
f requency of the dominant s pe c ies a s  seedl ings than the others, thes e 
be ing p ine and the dec iduous s pec ies res pe ct ively . The p ine-hea th is 
re l ative ly ope n except for the shrub s t r a tum which is  quite dense and 
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cont inuous throughout . The de nse ne s s  of the se s hrub s c ou ld be a ma j or 
f a c t or in the ma inte nance of the p ine -he a th by d iminishing the amount 
of l ight which re a che s  the ground . The light intens ity is s o  low tha t 
it cou ld ke e p  pine see d l ings from be coming e s t ab l i shed . I f  this we re 
true , the numbe r of pine s wou ld s low ly de cre a se and the pine -he a th 
wou ld eventua l ly be come a he ath b a ld . Howe ve r ,  the re is a high f re ­
que ncy of de ciduous see d l ing s in the a re a . A s  more and more de c iduous 
tree s be come e s tab l i she d , the ir shade wou ld ca use the numbe r of he ath 
s hrubs be ne a th the m  to d iminish and it wou ld e ve ntua l ly be come a part 
of the oak fore s t of l owe r e levat ion s . 
Whittake r  ( 1 9 5 6) cons ide rs  the pine -he a th a t opogra phic c l imax 
and use s as evide nce the b imoda l s ize - c l a s s  f reque ncy curve shown in 
F igure 7 ,  page 24 . The same f reque ncy curve for the B u l lhe ad Tra i l  
pine -he a th doe s not give a bimod a l f re que ncy curve . Whi le C a in ( 1 9 3 7 )  
thought tha t f i re s  i n  the se pine -he aths he l p  pe rpe tua te the dominance 
of pine , the f igure me nt ioned ab ove ind ica te s tha t this  pine -he a th ha s 
had a rathe r  uninte rrupte d growth and re product ion for a cons ide rab le 
pe riod . S ince this stand ha s re ma ined und i s turbed f or wha t  a ppe a rs  
to be  a long t ime , one wou ld expe c t  it  t o  be  invaded by both the 
he a th ba ld and oak fore s t spe c ie s . I t  seems much more l ike ly a t  the 
pre sent tha t this particu l a r  p ine -he a th may eventua l ly be come a he ath 
ba ld be cause of the de nse e r ic ace ous shrub laye r  a lre ady pre s e nt a nd 
the low surviva l rate of de c iduous see d l ings . 
W ith a low ge rm ina tion r a te in the laboratory and the a lmos t  
comp le te abse nce o f  seed l ing s i n  the p ine -he a th ,  a f re que ncy o f  72 . 5  
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pe r ce nt and a de ns ity of 9 7.5 for Pie r is we re not to be expe cted . 
Howeve r ,  with an ave rage of f ive to  e ight runne rs pe r plant , Pie r is 
is able to  kee p  its high de gree of cove rage in this a re a . I t  re pro­
duce s ve ge t a t ive ly by runne rs and by laye r ing . 
A s ignif ica nt d if fe rence wa s found be tween the diame te rs and 
numbe r of runne rs of Pie r is from the two loc a t ions of p lot s , but not 
be tween a ny othe r characte rist ics of Pie r is inve s t ig a ted . The d if fe r­
e nce in d iame te rs and numbe r of runne r s  cou ld e a s i ly be a funct ion of 
the a ge of the plant , those off the t ra i l  having bee n e s tab l ished be fore 
the tra i l  wa s cut about thirty ye a rs ago . 
More expe riments with the see d s  of Pie r is a re ne ce s s a ry t o  be 
ab le to show the e f fe c t s  of e nvironme nt a l  extreme s a s  a re e ncounte re d 
in an a re a  such a s  this pine -he a th .  A comparis on of such f a c tors a s  
s oi l s  a nd tempe ra ture extreme s  o f  the Bul lhe ad Tra i l  pine -he a th and 
a nothe r locat ion of Pie r is a s  the one s in North C a ro l ina a long the 
B lue Ridge Pa rkway wou ld more than l ike ly give the answe r  to many 
que s tions s t i l l  unanswe red about Pie r is . Al though no conclus ive evi­
de nce ha s been pre sente d he re , it is s t i l l  thought tha t the c re a tion 
of a d is turbance a re a  is one of the ma j or factors in the e s tab l ishment 
of  Pie ris . Af te r e s tab li shment , Pie ris  may cont inue to ma int a in itse lf  
and eve n  incre a se it s cove rage by  ve ge t a t ive re product ion . 
V. SUMMARY 
The ro le of Pier is f loribunda Benth . and Hook . in a pine-hea th 
community in the Great Smoky Mount a ins Nationa l Pa rk was s tudied. The 
pine-heath was loca ted on the B u l lhead of Mt . LeConte a t  an e leva t ion 
of a pprox imately 4 100 feet . 
Forty . 05 acre p lot s  were es tab l ished for s amp l ing s tand cha rac­
ter i s t ics and to tes t for dif ferences between Pie r is and its  surround­
ings a long the tra i l  and Pier is growing in dense shrub cover off the 
tra i l . 
The d iameters and number of s tems were recorded for both trees 
and shrubs in addit ion to a spec ie s l i s t  of the herbaceous cover. 
S pecia l not es were made for Pier is wit h res pec t to number of runner s 
and numb er of f ruit s per p l ant . 
Germina tion exper iment s were conducted with seeds of Pier is 
co l lected in the study area the prev iou s fa l l .  Pier is wa s found to 
have 20 . 0  per cent germination under labora tory condi t ions . 
The pine-hea th a long the B u l lhead Tra i l  is a typica l one with 
res pect to environment and veget a t iona l compos it ion . I t s . seasona l 
max imum and minimum tempera tures are more ext reme than the lower e le­
vat ions yet not a s  extreme a s  the higher elevat ions in the Pa rk . By 
use of the der ived regres s ion equations, the max imum or minimum temper­
atures of the p ine-hea th may be predic ted from either the max imum or 
min imum tempera tures at Pa rk Headqua rters or Newfound Gap . The amount 
of r a infa l l  rece ived in the pine-hea th is lower than tha t of both 
Newfound Ga p and Pa rk Headqua rters . 
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I t  is  thought that this pa r t icu l a r  pine -he a th is be ing invade d 
by the he a th ba ld loc a te d  a t  its uppe r l imit and wi l l  eve ntua l ly be ­
come a he a t h  ba ld if f i re doe s not pe rpe tua te the pine -he a th . 
No s ignif ic ant d iffe rence w a s  f ound be twe e n  the two locati ons 
of p lot s with re s pe ct to the de ns ity of Pie r is , and the re f ore it cannot 
be conc luded tha t Pie r is requ ire s a di sturbance or b re a k in the canopy 
to be come e s tab l ishe d . Howe ve r ,  it is s t i l l thought tha t furthe r study 
may prove this t o  be true . 
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APPENDIXES 
APPENDIX A 
PROCEDURE FOR THE PREPARATION OF S OI L  SAMPlES 
A l l  s amp le s we re a ir d r ie d  and pa s se d  through a 2 mm . s ieve . 
Te n gram s amp le s we re we ighe d and p l aced in 2 50 ml . g l a s s  s t oppe re d 
f l a s ks . F if ty m l . of norma l ammon ium ace t a te adjus te d  to pH 7 . 0 , by 
adding ace t ic a c id or ammon ium hydrox ide a s  ne ce s s p ry , wa s adde d and 
the f l a s k  was shaken in a me chan ic a l  shake r  for one ha lf hour . The 
f la s ks and conte nt s  we re a l l owe d to s t and ove rnight . Ce rta in samp le s 
<! ·� · ' l itte r) re qu ire d more than SO m l . of ace t ate to we t them s uf­
f ic ie nt l y . In such ca se s , 100 m l . of ace t a te wa s used and wa shing 
wa s done with 100 m l . of ace t a te d ivided into thre e port ions . 
F i lte r ing of the le a chings wa s c a r r ie d  out through a Wha tman 
No . 42 f i l te r  unde r vacuum . The re s idue in the f l a s ks wa s wa s he d  
w ith SO ml . of ammonium ace tate d ivide d into three port ions . Each 
port ion wa s used t o  wa sh the re s idue on the f i lte r t aking care t o  le t 
e a ch port ion pa s s  through the f i l te r  be f ore add ing anothe r .  
The f i ltrate s we re transfe rre d  to e vapora ting d ishe s  and evap­
ora te d  on a s te am b a th a s  ne a r ly d ry a s  pos s ib le ( s amp le s with c on­
s ide rab le or ganic matte r re s is te d  going to d ryne s s  on the s te am ba th) . 
Three m l . of norma l HN0 3 and 5 m l . H202 we re adde d to the re s i­
due s and d ige s te d  on the s te am b a th unt i l  dry . This was re pe a te d  
unt i l  a c le a r colorle s s  s o lut ion re s u l te d . (Trace s of iron le nt a 
s l ight ly ye l l ow c o l or to s ome s amp le s . )  
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5 6  
The re s idue s we re d is s olve d i n  a litt le doub le d is t i l le d  wa te r  
and trans fe rre d  t o  2 50 ml . vo lume t r ic f l a s ks . Doub le d is t i l led wa te r  
wa s used t o  ma ke up t o  vo lume . 
Cat ions we re ana lyze d in s u itab le a l iquots a ccord ing to pro­
ce dure s out l ined in the s ixth e d it ion of the A .  0 .  A .  C .  unde r  the se c­
t ion on ana lys is of p l ant s . B lanks we re run for e ach cat ion a nd cor­









SUMMARY OF TREE TAXA I N  DIAMETER CL\SS ES BY PIDT 
Taxa 
Ace r rubrum 
Ame la nchie r a rbore a  
Be t u l a  le nta 
! lex  mo� 
Nys s a  s y lvatica 
Oxydendrum a rboreum 
P ice a rubra 
. Pinus pungens  
Viburnum ca s s inoide s 
Ace r rubrum 
Ame l anchie r a rbore a 
Be tu l a  le nta 
! lex  mont ana 
Nys s a  s y lva t ica 
Oxyde ndrum a rbore um 
Pinus punge ns 
Rob inia pseudo-aca cia 
Viburnum ca s s inoide s 
Ace r rubrum 
Nys s a  s y lva tica 
Oxyde ndrum a rbore um 
P inus punge ns 
Rob inia pseudo-acacia 
1-




















1 3  
7 
1 
D iame te r  C la s se s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6-












6 2 1 
1 
1 6 . 6- 1 9 . 6-
1 9 . 5  2 2 . 6  









1 1  
Taxa 
Nys s a  sy lvatica  
Oxyde ndrum a rbore um 
Pinus punge ns 
Ace r rubrum 
Ame l anchie r arbore a 
Nys s a  s y lva t ica 
Oxydendrum a rbore um 
Pinus pungens  
Tsuga canade ns is 
Ace r rubrum 
Nys s a  sy lva t ica  
Pinus punge ns 
Nys s a  sy lva t ica  
Oxydendrum a rbore um 
Pinus punge ns 
Tsuga canade ns is 
Nys s a  sy lva t ica  
Pinus punge ns 
Nys s a  s y 1va t ic a  
Pinus punge ns 
T s uga canade ns is 
Nys s a  s y 1va t ica 
Pinus pungens 
Ace r rub rum 
. 
Pinus punge ns 
1-
3 . 5 
9 
2 
1 3  
2 
1 





2 9  
1 8  
10 
1 











D iame te r  C la s se s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6- 1 6 . 6- 1 9 . 6-
7 . 5  10 . 5  1 3 . 5  1 6 . 5 1 9 . 5  22 . 6  
1 
3 5 2 1 
1 6  1 2  1 
1 
12  1 1  3 1 
12  2 2 2 
2 3  6 
1 1  6 3 
1 6  7 5 1 
V1 
00 
1 1  9 1 





1 5  
1 6  
1 7  
l8 
Taxa 
P inus pungens 
P inu s pungens 
Ace r  rubrum 
Ny s s a sy lvat i c a  
Pinus pungens 
Que r cus  pr inus 
Rob in ia pseudo-acacia 
Nys s a  s y lva t ica 
P inus pungens 
Que rcus prinus 
Ace r rubrum 
Ny s s a  s y lva tica 
Pinus punge ns 
Que rcus prinus 
Rob in ia £Se udo-acacia 
Ace r rubrum 
Be tu l a  lent a 
Hamame l is virgin iana 
Ma gno l ia fra se r i  
Ny s s a  sy lva t ica  
P inus pungens 
Que rcus· prinus 
Rob in i� £Seudo-acacia 
Ace r rub rum 
Nys s a  s y lva tica 
P inus punge ns 
1-

























D iame te r  C l a s se s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6- 1 6 . 6- 19 . 6-
7 . 5  10 . 5  1 3 . 5  1 6 . 5 19 . 5  2 2 . 6  
1 3  3 
18 4 
4 5 3 
3 7  2 
1 














2 1  
22  
2 3  
24 
2 5  
Taxa 
Ace r rubrum 
Nys s a  sylva t ica 
Que rcus prinus 
Pinus pungens  
Ace r rubrum 
Hamame l is virginiana 
Nys s a  s y lvat ica 
· Pinus punge ns 
Que rcus prinus 
Rob inia pseudo-acacia 
Ace r rubrum 
Oxydendrum a rbore um 
Que r cu s  prinus 
Pinus punge ns 
Nys s a  s y lvat ica 
· P inus pungens 
Rob inia  pseudo-acacia 
S a s s a f r a s  a lbidum 
Pinus punge ns 
Pinus pungens 
Ace r rubrum 
castane a  dentata 
Hamame l is virginiana 
Nys s a  s y lvatica 
Oxyde ndrum a rbore um 
Pinus pungens 
Que rcus pr inus 
Rob in ia pseudo-aca cia 
1-






















1 3  
34 
1 
D iame te r  C l a s se s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6- 1 6 . 6- 1 9 . 6-
7 . 5  10 . 5  1 3 . 5 1 6 . 5  1 9 . 5  2 2 . 6  




3 2 2 
2 
2 3  1 1  4 
45 5 
9 7 
1 6  1 6  
1 0\ 




P l ot 
No . 
2 6  
2 7  
2 8 
2 9  
30 
Taxa 
Ace r rubrum 
C a s t a ne a  dent ata 
Ny s s a  s y lva t ica 
Pinus punge ns 
Ace r rubrum 
Ca s t a ne a  de nt ata 
H amame l i s  virginiana 
Ny s s a  s y lva t ica 
Oxyde ndrum a rbore um 
Pinus punge ns 
Que reus pr inus 
Rob in i a  pseudo- a c a c ia 
Ace r rub rum 
Nys s a  s y lva tica 
Oxydendrum a rbore um 
Pinus punge n s  
Ace r rubrum 
Hale's ia ca rol ina 
Hamame l is virgin iana 
Ny s s a  s y lva t ica 
Pinus punge n s  
Que reus pr inus 
Sa s s a f r a s  a lb idum 
A ce r rubrum 
Hamame l is virgin iana 
Nys s a  s y lva t ic a  
. Oxyde nd rum a rbore um 
Pinus punge ns 
Que rcus pr inus 
1 -







1 5  







1 6  
1 1  





2 1  
2 1  
1 2  
2 
D iame te r  C l a s se s  
3 .  6- 7 . 6 - 10 . 6- 1 3. 6- 1 6. 6- 1 9. 6-
7 . 5  10 . 5  1 3. 5 1 6 . 5 1 9 . 5 2 2 . 6  
6 7 2 
1 
3 
1 2 4 1 
1 2 
1 




















Q .  rubra 
Sa s s a f ra s  a lb idum 
Tsuga canaden s i s  
Acer rubrum 
Ha les ia  ca rol ina 
Hamame l is virginiana 
Magnol ia f r a se r i  
Nys s a  sylva t ica 
. Oxydendrum arboreum 
Pinus pungens 
Quercus pr inus 
Rob inia pseudo-acacia 
Ace r rub rum 
Oxydendrum arbore um 
Pinus punge ns 
Acer rubrum 
Ca s t a nea denta ta 
Hamamel is virgin iana 
Magn o l ia fra s e r i  
Nys s a  sy lvat ica 
. Oxydendrum a rboreum 
Pinus pungen s 
Quercus pr inus 
Rob in ia pseudo-aca cia 
S a s s a f ra s  a lb idum 
Acer rub rum 
. Ca st anea dent ata 
Oxydendrum a rbore um 
Pinus pungens 
1-





. 2  
















D iameter C l a s ses 
3 . 6- 7 . 5- 10 . 6- 1 3 . 6- 1 6 . 6- 1 9 . 6-










1 2  5 5 1 
2 3 
1 








5 5 2 2 








Ace r rub rum 
C a s tane a  de nta ta 
Hamame l is virginiana 
Magno l ia f r a se ri 
Nys s a  sylvat ica 
Oxyde ndrum a rboreum 
Pinus pungens 
Que rcus prinus 
Tsuga canade ns is 
Ace r rubrum 
Nys s a  sy lva t ica 
Pinus pungens 
Rob inia £Se udo-acacia 
Ace r rubrum 
Hamame l is virginiana 
Nys s a  sylva t ica 
_ Pinus punge ns 
Que reus pr inus 
Robinia £Seudo-acacia 
Ace r rubrum 
Hamame l is virginiana 
Pinus pungens 
Ace r rubrum 
Fagus  grandifo l ia 
Hamame l i s  virg iniana 
Nys s a  sy lva t ica 
. Pinu s pungens 
1 -
3 . 5  
10 
2 



















7 7  
7 
6 
2 2  
34 
D iame te r  C la s se s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6- 1 6 . 6- 19 . 6-
7 . 5  10 . 5  1 3 . 5 1 6 . 5 19 . 5  22 . 6  
1 
6 2 1 
3 
2 3  1 2 
2 9  1 1 
14 3 1 
1 
44 2 2 1 � 
w 




Ace r rubrum 
Nys s a sylva t ica 
Oxyde ndrum a rboreum 
Pinus punge ns 
Que rcus prinus 
1-
3 . 5  
2 




D iame te r  C la s s e s  
3 . 6- 7 . 6- 10 . 6- 1 3 . 6-
7 . 5 10 . 5  1 3 . 5 1 6 . 5  
30 2 1 
1 6 . 6-
1 9 . 5 
1 9 . 6-




SUMMARY OF SHRUB TAXA IN DIAMETER ClASSES BY PI.DT 
D i ame te r C l a s s e s  
P lot . 1 - . 69- 1 . 2 7 - 1.85- 2.43-
No . Taxa . 6 8 1.2 6 1 . 84 2.42 3.00 
1 Ka lmia lat if o l ia 3 9 2 
Pie r is f l or ibunda 1 
Rhodode ndron maximum 4 2 4 3 
2 Ka lmia l a t if o l ia 10 14 
Va ccinium sp . 2 9  
3 Ka lmia l a t ifo l ia 1 1 
Va ccinium sp . 7 
4 Ka lmia l a t if o l ia 15 8 5 2 
Pie r is f l or ibunda 9 1 
Rhodode ndron max imum 1 6  2 
Va cc inium s p .  3 3 
5 Ka lmia l a t ifo l ia 1 7  14 7 
Pie r  is  f lor ibunda 2 1 
6 Ka lmia l a t i f o l ia 1 6  4 6 3 
Pie r is  f l or ibunda 15 
Va cc inium s p .  3 
7 Ka lmia l a t if o l ia 15 9 1 
Va ccinium s p .  30 
8 Ka lmia l a t i f o l ia 1 3  10 1 
Rhodode ndron max imum 1 2 1 
9 Ka lmia l a t i f o l ia 42 1 3  
Va ccinium sp . 2 1  
10 Ka lmia l a t if o l ia 25 1 7  3 
Va cc inium s p .  1 8 
1 1  Ka lmia l a t ifo l ia 1 1  1 7  2 
Pie r is f l oribunda 2 1 1 1 
65 
66  
· D iame te r  C l a s se s  
Plot . 1- . 6 9- 1 . 2  7- 1. 85- 2 . 43-
No . Taxa . 68 1 . 2 6 1 . 84 2 . 42 3 . 00 
12 Ka lmia l a t ifo l ia 2 7  20 
Pie r is f l oribund a 2 8 5 1 
Va ccinium s p .  1 7  
1 3  Ka lm ia l a t ifol ia 2 7  3 
Va ccinium sp . 25 
14 Ka lmia l a t ifo l ia 2 8  2 
Va cc inium s p .  24 
15 Ka lmia l a t if o l ia 12  3 
Pie r is f l oribunda 7 3 2 1 1 
Va cc inium sp . 1 8  
1 6  Ka lmia l a t if o l ia 2 1  1 
Pie r i s  f loribunda 40 4 
Rhod ode nd ron max imum 1 
1 7  Ka lmia l a t ifo l ia 9 4 
Pie r i s  f l or ibunda 29 5 1 
Va cc inium sp . 2 6  
1 8  Ka lmia l a t ifol ia 4 1 
Pie r  is f loribunda 10 2 
Rhod odend ron max imum 1 3  3 1 4 1 
19 Ka lmia l a t ifol ia 33 7 
Pie ris f lor ibunda 1 1  3 1 
Va ccinium sp . 5 
20 Ka lm ia l a t ifo l ia 1 3  8 
Pie r is f l or ibunda 3 
Va ccinium s p .  24 
2 1  Ka lmia l a t if o l ia 6 1 
Pie r i s  f loribund a 10 2 1 3 
Rhodode nd ron max imum 3 
22  Ka lmia l a t ifol ia 9 5 
Pie r is f loribunda 2 6  9 
Va cc inium sp . 4 
2 3  Ka lmia lat if o l ia 15 7 
Va ccinium s p .  2 1  
6 7  
D iame te r C l a s se s  
Plot . 1- . 69- 1 .  2 7- 1 . 85- 2 . 43-
No . Taxa . 68 1 . 2 6 1 . 84 2 . 42 3 . 00 
24 Ka lmia l a t if o l ia 52 3 
Pie r is  f loribunda 7 · 1 
Va ccinium sp . 12 
2 5  Ka lmia l a t ifo l ia 6 7 2 1 
Pie ris  f l or ibunda 1 2 2 
Va cc inium s p .  2 8  
2 6  Ka lmia l a t if o l ia 3 12 2 
Rhodode ndron maximum 6 1 1 1 
2 7  Ka lmia l a t if o l ia 10 2 2 
Pie ris  f lor ibunda 5 
Va c c in ium s p . 9 
2 8  Ka lmia l a t ifo l ia 1 14 4 
Vac c inium sp . 7 
2 9  Ka lmia la t ifolia  5 5 3 
Pie r  is  f lor ibunda 3 1 2 
Vacc inium sp . 1 
30 Ka lmia latif o l ia 7 5 1 1 
Rhododendron maximum 12 4 1 
31 Ka lmia l a t if o l ia 1 5 1 
Va c c in ium s p .  1 
32 Ka lmia l a t ifolia 9 12 3 
33  Ka lmia l a t ifolia 14 2 6  3 
34 Ka lmia l a t ifo l ia 8 1 1  3 1 
Va cc inium sp . 2 
35 Ka lmia l a t ifolia 3 7  7 
Va ccinium sp . 32 
36  Ka lmia l a t ifo l ia 1 7  12 
Pie r is f loribunda 7 3 2 1 
Va c c in ium sp . 5 
3 7  Ka lmia lat if o l ia 4 10 3 
Pie r  is f lor ibunda 8 
6 8  
D iame te r  C la s se s 
P lot . 1 - . 69- 1 .  2 7- 1 . 85- 2 . 4 3-
No . Taxa . 68 1 . 2 6  1 . 84 2 . 42 3 . 00 
38 Ka lmia l a t if o l ia 2 2  48 5 
Pie ri s  f l or ibunda 20 8 5 1 
39 Ka lmi a l at ifol ia 46  18  1 
Vaccin ium s p . 1 7  
40 Ka l mia l a t if o l ia 2 1  4 1 
